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Specification 



1. Title of the invention 
Semiconductor apparatus 

2. Claims 

1. A semiconductor apparatus which comprises a semiconductor 
device being sealed by using an epoxy resin composition 
containing the following Components (A) to (C) : 

(A) a novolak type epoxy resin having a softening point of 50 to 
130-C, 

(B) a novolak type phenol resin having a softening point of 50 
to 130 "C and 

(C) a cyclic dimethylsiloxane having a molecular weight of 300 
to 500. 

2. An epoxy resin composition for sealing a semiconductor, 
which comprises the following Components (A) to (C) : 

(A) a novolak type epoxy resin having a softening point of 50 to 
130*C, 

(B) a novolak type phenol resin having a softening point of 50 
to 130 'C and 

(C) a cyclic dimethylsiloxane having a molecular weight of 300 
to 500. 

3. Detailed description of the invention 
[Field of application in industry] 

This invention relates to a semiconductor apparatus having 
excellent moisture resistance reliability. 

[Prior art] 

A semiconductor device such as a transistor, IC and LSI is 
generally sealed by a ceramic package, a plastic package or the 
like to produce a semiconductor apparatus. In the above ceramic 
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package, a constitutional material itself has heat resistance 
and also excellent moisture permeation resistance, so that 
sealing with high reliability can be carried out. However, 
there are drawbacks that the constitutional material is 
relatively expensive and mass production property is poor. 
Therefore, in recent years, resin sealing using the above 
plastic package has mainly been carried out. Further, in this 
kind of plastic package material, an epoxy resin composition has 
conventionally been used. 

The technique in the field of a semiconductor has remarkably 
been innovated. In recent years, while not only improvement of 
an integration degree but also enlargement of a device size and 
finer wiring have progressed, it has progressed to make a 
package shape smaller and thinner. Accompanied with this 
tendency, further improvement of the reliability of a sealing 
material has been demanded. 

[Problems to be solved by the invention] 

Particularly, as a package has been made smaller and thinner, 
water has been more liable to enter into a package. In mounting 
of a semiconductor device by using a package, surface mounting 
has been carried out. At the time of mounting, a whole package 
may be immersed by soldering or heated with infrared ray by a 
soldering reflow furnace, whereby a semiconductor apparatus 
tends to receive large thermal shock. As a result of receiving 
thermal shock, a phenomenon that a gap is generated at the 
interface of a package and a lead frame and water enters from 
this gap also occurs. Accompanied with such entering of water 
into a package, in a semiconductor apparatus produced by resin 
sealing using a conventional epoxy resin composition, impurity 
ions contained in the sealing resin are activated to cause 
defects including corrosion of a wiring portion on the surface 
of a semiconductor device as a main defect. Thus, development 

has been demanded. 



The present invention has been made in view of such 
circumstances, and an object thereof is to provide a 
semiconductor apparatus having excellent moisture resistance 
reliability . 

[Means for solving the problems] 

In order to achieve the above object, the semiconductor 
apparatus of the present invention has a constitution that a 
semiconductor device is sealed by using an epoxy resin 
composition containing the following Components (A) to (C) : 

(A) a novolak type epoxy resin having a softening point of 50 to 
130-C, 

(B) a novolak type phenol resin having a softening point of 50 
to 130 -C and 

(C) a cyclic dimethylsiloxane having a molecular weight of 300 
to 500. 

[Action] 

More specifically, the present inventors have pursued a series 
of their studies for the purpose of improving the moisture 
resistance of a sealing resin comprising the above-mentioned 
epoxy resin composition. As a result, in order to improve the 
moisture resistance, the novolak type epoxy resin (Component A) 
and the novolak type phenol resin (Component B) having the 
respective specific softening points described above are used, 
and further the cy c 1 i d^^^SmmmmSMSmmto^lim^^ a 
specific molecular weight is^^^^^lMSM^'i^^ffS^^^ 
whereby a whole semiconductor device is previously covered and 
protected by Component C, and corrosion of the device caused by 
entering of water is prevented by this water repellent action. 
It has been found that as a result, the moisture resistance 
reliability of a semiconductor apparatus is significantly 
improved to accomplish the present invention. 

The epoxy resin composition to be used in the present invention 
is obtained by using the novolak type epoxy resin (Component A) 
having a specific softening point, the novolak type phenol resin 
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(Component B) having a specific softening point and the cyclic 
dimethylsiloxane (Component C) having a specific molecular 
weight. In general, the epoxy resin composition is powdery or 
has a tablet shape obtained by tableting the powdery epoxy resin 
composition . 

The novolak type epoxy resin having a specific softening point 
as Component A is not particularly limited so long as it has a 
softening point of 50 to 130*0. There may be suitably used, for 
example, a cresol novolak type epoxy resin, a phenol novolak 
type epoxy resin and the like. Among these resins, a novolak 
type epoxy resin is particularly preferred, and a novolak type 
epoxy resin having an epoxy equivalent of 180 to 250 is suitably 
used. 

The novolak type phenol resin having a specific softening point 
as Component B and to be used with the epoxy resin as Component 
A is not particularly limited so long as it acts as a curing 
agent of the above epoxy resin and has a softening point of 50 
to 130 *C. There may be suitably used a phenol novolak resin, a 
cresol novolak resin and the like . 

The formulation ratio of the novolak type epoxy resin as 
Component A to the novolak type phenol resin as Component B is 
preferably such a ratio that the hydroxyl group in the novolak 
type phenol resin as Component B is 0.5 to 2.0 per one 
equivalent of the epoxy group in the novolak type epoxy resin as 
Component A . 

As t he^ ^^j^ ^P^pBiSHy 1 s i loxane having a specific molecular 
weight as Component C to be used with Component A and Component 
B, there may be used a ^^^^^^W^Si^"^^ 
dimethylsiloxane which acts as a water repellant, has a 
molecular weight of 300 to 500 and has the following structure. 
The above cyclic dimethylsiloxane is obtained by a 
conventionally known preparation process. 




0 0 
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The formulation amount of the cyclic dimethylsiloxane having a 
specific molecular weight as Component C is preferably set to an 
amount of 0.01 to 0.08 % by weight (hereinafter abbreviated to 
"%"), more preferably 0.01 to 0,03 % based on the total amount 
of the epoxy resin composition. That is, if the formulation 
amount of Component C is less than 0.01 %, a sufficient effect 
of improving moisture resistance of a resulting sealing resin is 
not observed. On the other hand, ^|g|^ggg2^^ecist^^ 
) '^€ie¥se' p^ of a 

^p&ckage a:gf^^lowered/ ari& also the ^^[^^j^itj^r^^ a 
package surface tends to be lowered. ^ 

The molecular weight of the above cyclic dimethylsiloxane means 
a weight average molecular weight determined by gel permeation 
chromatography using polystyrene as a standard substance and 
using toluene as a developing solvent. 

Further, a wax such as a polyethylene type wax may be used in 
combination with the cyclic dimethylsiloxane having a molecular 
weight of 300 to 500 as Component C. By using the above wax in 
combination, moisture resistance is further improved. 

) 

In the epoxy resin composition to be used in the present 
invention, in addition to Components A to C, conventionally used 
various curing-accelerating agents may be used, if necessary. 

As the above various curing-accelerating agents, there may be 
mentioned tertiary amines, quaternary ammonium salts, imidazoles 
and boron compounds as shown below. These compounds are used 
singly or in combination. 

Tertiary amines : 

triethanolamine, tetramethylhexanediamine, trie thy lenediamine, 
dimethylaniline, dimethylaminoethanol, diethylaminoethanol. 



- 5 - 



2,4,6- (dimethylaminomethyl) phenol, N, N ' -dimethylpiperazine, 
pyridine, picoline, 1, S-diaza-bicyclo [5,4. 0 ] undecene-7 , 
benzyldimethylamine and 2- (dimethylamino) methylphenol . 

Quaternary ammonium salts: 

dodecyltrimethylammonium iodide, cetyltrimethyl ammonium 
chloride, benzyldimethyltetrabutylammonium chloride and 
stearyltrimethylammonium chloride . 

Imidazoles : 

2-me thy 1 imidazole, 2 -undecyl imidazole, 2 -ethyl imidazole, 1- 
benzyl-2-methylimidazole and l-cyanoethyl-2-undecylimidazole . 

) Boron compounds : 

tetraphenylboron, tetraphenyl borate and N- 
methylmorpholinetetraphenyl borate . 

Further, in addition to the above various curing-accelerating 
agents, there may be used an inorganic filler, a flame retardant 
such as antimony trioxide and a halogen compound, a pigment and 



a coupling agent such as 




The above inorganic filler is not particularly limited, and 
there may be suitably used quartz glass powder, talc, silica 
powder, alumina powder and the like which are generally used. 

The epoxy resin composition to be used in the present invention 
can be prepared, for example, as described below. That is, the 
epoxy resin composition can be prepared by a series of the 
following steps. The novolak type epoxy resin having a specific 
softening point as Component A, the novolak type phenol resin 
having a specific softening point as Component B, the cyclic 
dimethylsiloxane having a specific molecular weight as Component 
C and, if necessary, a curing-accelerating agent, an inorganic 
filler, a flame retardant and other additives are formulated. 
The mixture is kneaded in a heated state by using a kneader, for 
example, a mixing roll mill to prepare a semi-cured epoxy resin 
composition. Next, after this composition is cooled to room 
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temperature, it is pulverized by a known means and, if 
necessary, t ablet ed. 

Sealing of a semiconductor apparatus by using such an epoxy 
resin composition is not particularly limited, and may be 
carried out by a general method, for example, a known method 
such as transfer molding. 

The semiconductor apparatus thus obtained has extremely 
excellent moisture resistance reliability due to the actions of 
the novolak type epoxy resin (Component A) having a specific 
softening point, the novolak type phenol resin (Component B) 
having a specific softening point which are the main components 
of the epoxy resin composition and the cyclic dimethylsiloxane 
(Component C) having a specific molecular weight as a water 
repellant . 

[Effect of the invention] 

As described above, the semiconductor apparatus of the present 
invention has excellent moisture resistance reliability since a 
semiconductor device is sealed by an epoxy resin composition 
containing a specific epoxy resin, a specific phenol resin and a 
cyclic dimethylsiloxane having a specific molecular weight as 
described above, the whole semiconductor device is covered and 
protected by the above cyclic dimethylsiloxane, and corrosion of 
the semiconductor device caused by entering of water is 
prevented by its water repellent action. 

Next, Examples and Comparative example are explained. 

[Examples 1 to 3, Comparative example] 

Starting materials shown in the following Table 1 were 
formulated at ratios shown in the same table. The mixtures were 
kneaded for 5 minutes by a heating roll mill (temperature: 
120 'C), cooled and pulverized to obtain powdery epoxy resin 
compositions . 



Table 1 

(part by weight) 





Example 


Compar- 
at ive 
example 


1 


2 


3 


Cresol novolak tvpe epoxy resin *1 


100 


100 


100 


100 


Phenol novolak type phenol resin *2 


50 


50 


50 


50 


Tertiary amine (curing-accelerat- 
inq aqent) 


1 


1 


1 


± 


Carbon black 


1 


1 


1 


1 


Fusible silica powder (particle 
size: passing through 100 mesh) 


300 


300 


300 


300 


Silane coupling agent 


1 


1 


1 


1 


Montanic acid type wax 


1 , 


1 


1 


1 


Cyclic dimethylsiloxane (water 
repellant) *3 


0 .046 


0.20 


0.36 


0 



*1: A cresol novolak type epoxy resin having a softening point 
of 70*C was used- 

*2: A phenol novolak type phenol resin having a softening point 
of 80*C was used. 

*3: A cyclic dimethylsiloxane having a molecular weight of 300 
was used- 

Next, by using the powdery epoxy resin compositions obtained in 
Examples and Comparative example described above, semiconductor 
devices each comprising a silicone chip on which aluminum 
electrodes were mounted by vapor deposition were molded by 
transfer molding (transfer molding conditions: molding pressure 
of 70 kg/cm^, molding temperature of 175*C and molding time of 2 
minutes) to obtain semiconductor apparatuses. The moisture 
resistance characteristics of the semiconductor apparatuses thus 
obtained were measured. The results are shown in the following 
Table 2. The above moisture resistance characteristics were 
measured by a test method shown below. 

(Moisture resistance characteristics) 
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First, fifty semiconductor apparatuses each prepared using the 
epoxy resin compositions of Examples and Comparative example as 
described above were obtained, and the resistance values of 
aluminum wirings of the semiconductor devices were measured. 
Next, after these semiconductor apparatuses were left to stand 
for a predetermined time in a container in which pressurized 
water vapor at a temperature of 121 'C and 2 atmospheric pressure 
was sealed up tightly, they were taken out, and the resistance 
values of aliaminum wirings were measured again. The apparatus 
in which the resistance value after leaving to stand was 150 % 
or more of the initial resistance value was defined as a 
defective article, and the number of defective articles relative 
to 50 of the samples is shown in Table 2 . 



Table 2 

(Number of defective articles) 





Example 


Compar- 
ative 
example 


1 


2 


3 


Time for 
leaving 
to stand 
(hour) 


200 


0 


0 


0 


3 


500 


0 


0 


0 


8 


1000 


0 


0 


0 


45 


2000 


0 


0 


0 


50 


4000 


2 


3 


2 


50 



From the results shown in Table 2, as compared with the sample 
of Comparative example, the samples of Examples were not 
defective and, or only few samples became defective after 
leaving to stand for a long time. From this fact, it can be 
seen that the samples of Examples have excellent moisture 
resistance reliability. 

Applicant for Patent: NITTO DENKO CORPORATION 

Agent: Masahiko Nishifuji, Patent attorney 



- 9 - 



®03t:ia«t*/T(jp) ® Vf ¥f tt, tsi m 
®'^m^¥^^n(A) ^2-305454 

®Int.a.' a?UE<^ Frf^Kil*^ 2¥(1990)12^ 19B 

H 01 L 23/29 ^ - 

C OB Q 59/62 N J S f1]!~i 4 

C 08 L 63/00 NKB 8416-4 J 

" ^^^^^ 6412-5F H 01 L 23/30 R 

19 ¥1-127460 
@ai Si ¥ 1 (1989) 5^193 
®m m S BB © :^Kf^3c:^mT®«lTi 1*2-^ BS«X»^^ttl^ 

IS A B««X«^it^tt :^KW3E*mT!S«lTi 1#2-^ 



!^ «B « 

I. Ife ?g ® * IT. 

(1) rs5o (A) - (c) nfe^^^^rr«x# 

( A ) ttft*. 50-130 'coy^ff^'y fix 
( B ) Dt{t* 5 0-13 0 r v*y^my 

o 4^ '^^ 

(2) Ttt© (A) - (c) fSL^i^mri^m^ 
( A ) «^b,«Sf 60-i30X<D^»K7*;' asx 

( B ) ttlb * 5 0 - I 3 0 t O # ^ ^ S 7 

xy -/pHlliS. 
( C ) 3 0 0-5 0 0<0«tti^>5^;i'i/ 



3. 5fe?«®r?ttltttt!« 

V a « * 7 ^ y ^ ^ - I- < n r 7 X 

A-y>r-:>'t;tl4tc<t. tJ£ Jtr 4> x + •> W Jffiffl 



-271- 



<!: I WN- V ^ - >• F«3 0 o r« A ? 15 « 
ttttiJI^Si^f^^^. V- r7 



131X1^2-305154 (2) 

sjatt. Tie© (A) - (c) flt^-^^wTix 

( A ) It * 5 0 - I 3 0 X 0 y' ^ rJ' 3^ X 

(C) ^^53 0 0-5 0 O0att:>*>^/u> 
D 4^ *^ 

r^j:*7Sv ±SBx 4^ i^iy^gii 



ge K s ti ± tz 1 1 ± se -t n n 4# s CD (b 
* y V -y ^x i/^ffi ( Aja;^^) 
^ xx:^ J ^ y V ^ my :l J - ix^mit ( B^^) * 

w(D^B^tzffli^^»n^x#+c/«ilgtfiflK^tt. 

fix^^r C^WMi LTtt. lft{L**<S 0-1 3 0 



< . m 9 I"/ - }u J V '/ <^ ^ > ^it 

, 7 X / # 7 ■> ^ Sx *• + v^ttiJiSa^^^igS 

4^C^Sl:l 80-250Ot ©**>f SCfflV^ ^> ;K 
i:teA«^^^Dx/K+c^ffiifi^^:(>tc:ffl^^-5B!ife 

t&(>©T**). tt{i:,^*<s 0-1 3 or*^rr 
<>«)-c* titfi^cwntr * <>©T < . 7 x 

y -/i/y .-K ^ -y ^ ttJBJr. P \^ '/ - J ^ \A 
±fiAaft^Oy3K^-y^^S2xsK4^£/tt}jrgiB^ 

5^©/ * •7 7 S27xy -;H«Jttt<DK^tt;tt. 
i:BAi!Jt^o/#7yi?fix»*? + £/W«»4'©x^ 
+ >aiStS/t*) Bfl!t^^©y #7'y4^fi!7xy 



-272- 




*©0. 0 l-O. 0 81il% (lUT ^9€J <t:*r) 
0. 0 l-O. 0 3><Tt>i. -TJii?^. J:KC«c^ 

^ lis ©« sett*? Jtu^^^-'^'V - •>* 

©^BH^i<igT■r'5t^6t:'^"vv-i^*lfe0B©«^ 



JSra ^2-305454 (3) 
« . Ji 15 8! •>* ^ ^ •> o ♦ ^ ^ ^ * 

$^C. ±KC«!c5^©^^13 0 0-5 0 0© 
tank ^ ^ > o ^ ^ y t t I ^ . *Vxf-ux 
Si7'>^'7.*©9";'^^?^^fl^ffit'«ci*<T$& 

*/c. c©ft9iicffli*^.n$x4?+i/ttifigja^ 



7 5 V . h 'j x f- u y >^ T ? y X v'V f- /I' r 
iVVv •^j(f-;i'r5>'x^y — lu. -;/x^/i/ 
T^yx^'y-A'. 2. 4. B - ii> / f-f^r 
kyf/^Ji^) 7X/— /u. N. N' -i^/^ju 
t' f :^ , tr >' . n » j . I , 8 - 
T-ff- f i^i' n (5. 4. 0) 

k J ) y^A/7xy-/u 
HlftT y * <7 A Jg 

^ o 7 K 

^' / - ;u , 2 - x f- ^ S •/ - /I'. 1 - 
f- ;p - 2 - f-' > ^u 5 ^ •/ — ;u 



f-h77Xji;U7Kay, ■rh^^x^^l/.-tfU — 
h , K - ;£ ^ JU * JU 4^ y :^ 7- h 7 7 X - -ir U 
- h 

aijq. ^t^itr y^^ y. a y y^n^ih^o 
ttiSIW-?>tt«. y;(7 7r y y^W3f©A 

r-Sy^-^'Vi^fi^xy -;H«ttiC;ft$)'©4*S 

©5i'?l*<fr«atti>'>^/i'*>o + ^>'*?j;c; 

W;i«r § 4- •> y / D--futt^©ift4l«c<»>ttTftn 



-273- 



•> US ifi ^ *j © i nfc 5> i * <J> ^ b * * w r 

( 5£ !fl O 3tt » ) 



?$ia^2-3D5454 (4.) 
y^*ffu-rt^«x*4^>«*isiirti«jtcj;»)«ib 

( T 5^ e ) 





n 


ft 




It 




1 


2 


3 


I 




100 


100 


100 


100 




so 


50 


so 


50 




1 


1 


1 






1 


1 


1 






300 


300 


300 


300 




1 


1 


) 






1 


I 


I 




m^o / ^ )v > ^ ^ > i^t^m) *3 


O.046 


0.20 


0.36 


0 



« 3 : 3 0 0©t>©«fflt^/::* 



-274- 



<><D ^ T-ltp'!,^ «fi5 0 fact* r 5 :7=^fi:J'QO 

fls isi « ^ L . 



13 03^2-305151 (5) 





1^1191 


IS 


1 


2 


3 


tt 
s 

1$ 

5 


2 0 0 


0 


0 


0 


3 


5 0 0 


0 


0 


0 


6 


10 0 0 


0 


0 


0 


4 5 


2 0 0 0 


0 


0 


0 


5 0 


4 0 0 0 


5 


3 


2 


5 0 



f^SA ^3± S 0 IE 



-275- 



